The objectives were to analyze the economic performance over time of a dairy enterprise located in southeast Brazil and to identify the key production parameters that contributed to economic performance, using a 10-year database. Two distinct approaches to evaluate production cost were analyzed. Briefly, the first approach involves variable and fixed costs (more traditional economic analysis), and the second involves total operating cost, consisting of effective operating costs and depreciation. From these two distinct approaches, we obtain as economic indicators the profitability I and profitability II, respectively. In addition, correlation between economic and productivity parameters was performed. Considering the first approach, revenue was not sufficient to cover the total cost and on average profitability I was negative. During three years, the break-even point was not achieved. Considering the second approach, gross profit margin was positive throughout the period, and consequently profitability II was positive. In general, production parameters were within the ordinary range observed in small-sized Brazilian dairy farms. From the correlations between economic and production parameters, we noted that correlation between average milk production per lactating cow and both measures of profit was present, indicating that if the average milk production per lactating cow was high, profit was positive. We conclude that this type of evaluation is important to assess the performance of a business, and consequently, for decision-making of dairy producers.
Introduction
Brazil is among the top five milk-producing countries worldwide, producing approximately 31 million tons annually (Food and Agriculture Organization [FAO] , 2013). Dairy production is an important agricultural activity in Brazil, and Minas Gerais, located in the southeast, is the greatest milk producing state, producing 1.7 billion L in the first quarter of 2014 (Instituto Brasileiro de Geografia e Estatística [IBGE] , 2014). Notwithstanding, milk production within the state is very diverse, and profitability of the activity also differs among the different production systems. Because of low returns, dairy enterprise owners need to know the cost of variables they can control as a strategy to remain competitive, and achieve lower production costs. Therefore, periodic analysis of economic and production efficiency should be performed. Nevertheless, we observe in the practice that few small-and medium-sized dairy enterprises conduct this analysis, and production costs are unknown. In addition, it is important to determine which production parameters most affect the economic parameters of a dairy enterprise.
The structure of the herd, consisted of crossbred (Gyr × Holstein) animals, is depicted in Table 1 . The herd was self-replacing, and the cows calved year round, as is typical in Brazilian dairy production systems. All animals were kept on the aforementioned pastures throughout the day, and supplementary feed, consisting of 85% of corn and 15% of soybean meal, was provided after milking. The amount of supplement provided varied according to milk production, lactation day, body condition score, cow parity, and forage quality. Based on forage quality, the potential of milk production of each cow was estimated, and 1 kg of concentrate supplement was provided for each 2.5 L of milk produced above the estimated milk production (i.e., which would be produced only if cows were kept in pasture without supplementation). Cows were milked twice daily using a direct-to-bucket milking machine equipment. Management actions regarding animal health, milking hygiene, nutrition, environment management, and animal welfare were performed according to the Guide to Good Dairy Farming Practice (FAO & International Dairy Federation [IDF] , 2011). Cows underwent up to three rounds of artificial insemination and were run with bulls if they did not become pregnant. Vaccinations against foot-and-mouth disease (caused by Aphthae epizooticae), blackleg (caused by Clostridium chauvoei), and brucellosis (caused by Brucella abortus) were performed based on local law regulation. Endo-and ecto-parasites were systematically controlled. Milk production (recorded monthly), vaccinations, calf births, mating, revenue, and expenses were precisely recorded. Calves  72  48  76  84  76  85  83  87  98  110  Heifers  8  36  16  28  44  31  29  31  19  8  Mature cows  88  76  101  89  103  110  110  126  126  118  Teaser bulls  6  5  5  8  9  10  10  8  8  4  Bulls  1  1  1  7  11  15  13  8  3  0  Total  175  166  199  216  243  251  245  260  254  240 Note. Number of animals is related to what was encountered in the first day of each year.
Production Costs Assessment
Production costs assessment was performed for each year to evaluate how the farm changed over the 10-year period. Revenue was defined as the gross farm income (cash inflows) from milk, by-products and cattle sales. We also considered as a source of income the variation of animal inventory, which was obtained by subtracting the animal inventory of the previous year from the animal inventory of the current year. This approach was considered because the enterprise had a non-stabilized herd. Our definitions were based on descriptions in the Farm Financial Standards Council (2011), except that we did not account government payments because the producer did not receive such income.
Two distinct approaches to evaluate production cost were analyzed: 1) total cost (expenses), which involves variable and fixed costs (more traditional economic analysis; Reis, Medeiros, & Monteiro, 2001) ; and 2) operating costs, an alternative economic analysis proposed by Matsunaga et al. (1976) which involves total operating cost, consisting of effective operating costs and depreciation. The reasons of choosing these two approaches are that they are commonly used in Brazil when analyzing agricultural enterprises. In the first approach, variable costs included feed, animal health and laboratory analysis, labor, maintenance of machinery and equipment, professional consulting services, and income tax. For labor costs, we considered the costs of wages, outsourced services, and related social security charges. Fixed costs included depreciation, fixed taxes (i.e., Brazilian tax on rural property), and interest paid relative to capital invested in facilities, machinery, equipment and estate. In accordance with Lopes, Santos, Resende, Carvalho, and Cardoso (2011) , we utilized a 6% annual interest rate as the cost of capital invested in the dairy activity. Estate costs were achieved from the value paid for leasing 1 ha, which was converted to liters of milk per ha per day, based on average values in the region (Lopes et al., 2011) . For this approach, we denominate as profitability I as the result obtained by dividing net profit by working capital, which corresponds to all capital immobilized with the production assets. From the division of total cost into fixed and variable, we can identify the break-even point (Potkanya & Krajcirova, 2015) . Thus, break-even point was estimated according to the following equation described by Lopes et al. (2011) :
In the second approach, total operating costs were considered expenses which were related with operation of the enterprise, consisting of effective operating costs and depreciation. Effective operating costs were all expenses the producer has to disburse (Nogueira, 2004 ). The linear method described by Nogueira (2004) was utilized to calculate depreciation expenses. Cow depreciation was not considered in composing costs. To clear represent this second approach, the following equations are presented:
Total operating cost = Effective operating cost + Depreciation
Effective operating cost = Disbursement
Gross profit margin was obtained by subtracting the effective operating costs from revenue, and indicates the residue from revenue when only disbursements are considered. Net profit margin was the residue obtained from revenue minus total operating cost. From this alternative approach, we utilized a new analysis tool to assess profitability which we denominated profitability II. Profitability II was obtained by dividing net profit margin by working capital (Lopes et al., 2011) .
A stratification of components of the effective operating cost over the years was performed to identify the percentage of each item of this cost (see Table 3 ).
Production Parameters
The following items were evaluated as production efficiency parameters: 1) percentage of cows in lactation; 2) days of lactation; 3) daily milk production of the herd; 4) average milk production of the herd; 5) average milk production per lactating cow; 6) calving interval; 7) milk production per ha; 8) milk production:concentrate ratio; 9) milk production:employee ratio; and 10) cows:employee ratio. These parameters are typically evaluated in Brazil to assess reproduction performance (e.g., percentage of cows in lactation, days of lactation, and calving interval), genetics (e.g., average milk production per cow), nutrition (e.g., average milk production per cow and milk production: concentrate ratio), and overall performance (e.g., milk production per ha, milk production: employee ratio, and cows: employee ratio).
Statistical Analysis
Production parameters and milk price were correlated with economic efficiency parameters (total cost; total operating cost; effective operating cost; gross profit margin; net profit margin; and profitability I and II) using the Pearson correlation analysis. The CORR procedure of SAS (SAS Institute Inc., Cary, NC, USA) was utilized for the analysis. Significance was set at P ≤ 0.05.
Results

Production Costs
Average milk price per liter and economic parameters are depicted in 
Production Parameters
Production parameters are described in Table 4 Similarly to average milk production per lactating cow, milk production per ha was greatest in 2009. In the system evaluated herein, cows were kept on pasture and were provided with a supplementary concentrate diet, and 2.9 L of milk were produced for each kg of supplementary concentrate provided to cows. In the present study, forage intake was not measured, but it has contributed to the milk produced. In 2008, milk production per kg of concentrate, and milk production:employee ratio were the greatest. Average milk production per employee was 333 L/day. Cow per employee ratio was greater than 60 just in 2005 and 2006, with an average of 49.5 L/employee.
Correlation between Economic and Production Parameters
Correlations are described in Table 5 . There was no correlation between cows in lactation and net profit margin (P = 0.07), profitability I (P = 0.23) and profitability II (P = 0.16). However, correlation between this item and total cost, total operating cost, effective operating cost, and gross profit margin was detected (P < 0.05). No correlation (P > 0.37) between days of lactation and economic parameters was detected. No correlation (P > 0.08) between daily milk production of the herd and profitability I and II was observed; however, correlations were observed for total cost (P < 0.001), total operating cost (P < 0.001), effective operating cost (P < 0.001), gross profit margin (P = 0.02), and net profit margin (P = 0.03). Similarly, no correlation (P = 0.13) between average milk production of the herd and profitability I was observed, but for all other economical parameters, correlation was observed (P < 0.05). For average milk production per lactating cow, no correlation between total cost (P = 0.15), total operating cost (P = 0.14), and effective operating cost (P = 0.15), but correlation with other parameters was detected (P < 0.04). Calving interval, milk production:concentrate ratio and cows:employee ratio did not (P > 0.32) correlate with any economic parameters. Correlation (P < 0.05) between milk production per ha and all economic parameters, except for profitability I (P = 0.07) was detected. Milk production:employee ration had correlation (P < 0.01) with total cost, total operating cost, and effective operating cost, but no correlation (P > 0.06) was observed for other parameters. And finally, milk price had medium correlation (P = 0.05) with gross profit margin, and no correlation (P > 0.07) with net profit margin, and profitability I and II. Note. R$: Brazilian currency (Real). Prices are in the value of the day. 1 When milk price were less than variable cost of 1 L of milk, the break-even point is negative (i.e., it is not achievable). Note. *P < 0.05; **P < 0.01; ***P < 0.001; NS non-significant.
Discussion
In Brazil, ordinary economic analysis of any business utilizes the total cost approach to assess economic performance. Theoretically, this approach considers variable and fixed costs, taking into account depreciation and opportunity cost of the working capital. In the 1970's, with an inflationary environment, the calculation of these costs were not practical. After analyzing variable and fixed costs, the capacity of decision making was hampered, thus producers had a difficulty in deciding whether to stay or leave the business. To overcome this situation, an alternative approach was proposed by Matsunaga et al. (1976) . These authors considered the operating cost method which included only expenses effectively disbursed by the producer, plus depreciation rate of machinery and facilities. Nowadays, both approaches are used in Brazil to assess agricultural enterprises. Although some terms and definitions utilized in the present study do not follow a worldwide standard convention, they are usually employed in Brazil. There is a difficulty in publishing this type of data in international journals because of this misunderstanding. Nonetheless, this report is an attempt in sharing the concept of these approaches, making them available for English-speaking readers.
Production Costs
Because of revenue earned in the activity was not sufficient to cover the total cost, this explain why net profit was negative. We can state that there was no economic success of this particular dairy production since costs were greater than the ideal threshold for the observed level of production. In this manner, the profitability I was negative (-6.37%); ideally, this profit should be 0% or above. A limitation is observed in this approach because when calculating total costs, an opportunity cost of 6% is accounted (Lopes et al., 2011) , making it difficult to compare with other activities. In this situation, we observed a decapitalization of the producer over the years, which is commonly observed in smallholder enterprises (Reis et al., 2001) . In efficient production systems, it is expected that supernormal profit occurs (profitability I > 0), in which the activity is getting return greater than jas.ccsenet.org Vol. 9, No. 8; 2017 other alternatives of capital investment, indicating that the enterprise can expand in the medium and long terms (Leite, Barbosa, & Campos, 2006) . Assessing only revenue itself is not a good approach to evaluate a production system because increasing revenue is not exclusively beneficial from an economic standpoint. Therefore, it is important to compare the costs associated, i.e., the amount invested in the system.
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Considering the second approach (Matsunaga et al., 1976) , on average, revenue was greater than effective operating cost and total operating cost and consequently gross and net profit margins were positive. We can infer that a positive cash inflow occurred because of positive gross profit margin, and that depreciation was also paid since net profit margin was positive. In the long term, the producer would keep in the business; on the other hand, if the producer faced a negative gross profit margin, the best alternative would be to immediately perform a diagnosis to detect the issues and fix those (Lopes, Demeu, Nogueira, & Santos, 2012) . In a worst-case scenario, the solution would be to interrupt the activity (Oliveira, Cunha, Campos, Vale, & Assis, 2007) . In addition, the greater net profit margin is, the greater will be the business' economic performance. In efficient production systems, it is expected that gross profit margin would be elevated since part of the operating cost were not accounted. In this manner, we expected greater gross profit margin values over the 10-year period. However, the great participation of feeding and labor in the effective operating cost contributed towards a low value (Table 3) . Exceptionally in 2008 and 2009, gross profit margin was greatest because of improved use of labor. In these years, we observed that the milk production per kg concentrate was greatest and consequently more revenue from milk sales was obtained by the producer, contributing for a greater gross profit margin value.
This second approach has a limitation when only gross and net profit margins are evaluated because they represent only a numerical figure. For example, even positive, both margins could represent a lesser return value when compared with alternatives of investment of the working capital that could provide better results; this indicates that the enterprise is earning less return if compared with a situation in which the working capital is invested elsewhere (Reis, 2002) . To overcome this limitation, the analysis of profitability (in this case we called profitability II) allows to compare the return of the capital invested in the business. In the current situation, the producer had a profitability of 2.11% on average for the 10-year period, i.e., for each R$100.00 invested, he earned R$2.11 in a year. If the producer, for instance, invested his money in bank savings, he would earn R$6.00.
The profitability I accounts the opportunity cost previously determined (in the present study, 6%) since net profit is in the numerator of the equation to calculate profitability I. Thus, when net profit is zero, this profitability is also zero. On the other hand, profitability II permits comparisons with other activities, i.e., the producer is allowed to know exactly what the percentage of return of the invested capital is. Therefore, in our opinion, profitability II is a better way to analyze overall economic performance, if compared with profitability I.
The scale of production impacts profitability of a dairy enterprise (T. B. A. Oliveira, Figueiredo, M. W. Oliveira, & Nascif, 2001) . For instance, if we consider only the last five years (2007 to 2011), we observe that in 2009 the producer received one of the least remunerations per liter of milk; however, in this same year, if we do not consider variation in animal inventory, the greatest net profit margin was achieved, suggesting that increasing the number of lactating cows and improving animal performance should be more universally adopted. Increasing herd size depends on investments (financial resources); and improving herd average milk production relies on herd genetics and feeding. Unfortunately, the producer was not able to invest since net margin was negative.
The break-even point of a rural enterprise is the level of production to be achieved when total costs are equal to revenue (Reis et al., 2001) . Level of production above this threshold indicates positive economic performance (supernormal profit). This economic parameter is pointed out by Lopes and Carvalho (2001) as the least tool in analyzing economic performance, primarily when utilizing the first approach. In 2002 In , 2003 In and 2007 to the equation proposed by Lopes et al. (2011) , the values obtained were negative; thus, the break-even point was not achievable. These negative values were due to the elevated unitary milk cost which was above the milk price (data not shown). In these years, disbursement was greater than the price paid for 1 L of milk paid to the producer. Two possibilities in achieving the break-even point in these years would be the producer either reduce the variable cost or be remunerated according to milk quality. During the 10-year period, the producer was not remunerated by milk quality. When the break-even point was achieved, the producer was efficient in controlling variable cost.
Production Parameters
Determining production parameters of dairy enterprises is important to evaluate overall performance, as well as economic efficiency (Lopes, Demeu, Santos, & Cardoso, 2009 ). Generally, production parameters outlook production per cow and its reproductive potential, which is related with overall performance and efficiency of a certain dairy enterprise.
jas.ccsenet.org Vol. 9, No. 8; 2017 Percentage of cows in lactation is a production parameter affected by calving interval and lactation persistence (Camilo Neto, Campos, Oliveira, & Gomes, 2012) . In addition, when the parameter 'days of lactation' is extended, it indicates that the period between calving and conception is also extended, i.e., the service period is long. Although lactation persistence was not evaluated in the present study, this parameter influence days of lactation and it is important because affect feed costs for individual lactations of 305 days, but for other lactation lengths, persistency has a greater impact on milk returns per lactation than on feed costs (Dekkers, Ten Hag, & Weersink, 1998) . In the present study, percentage of cows in lactation was greater than the average in Brazil, which was 50% (Faria & Silva, 1996) as well as the average (65%) for Minas Gerais state (Federação da Agricultura do Estado de Minas Gerais [FAEMG], 1996) . However, our cooperating farm's percentage is lower than the recommended (80%) and the benchmark (83%) values reported by Leite et al. (2006) . The average value observed herein is directly related to the number of days of lactation which is influenced by genetics (Facó et al., 2008) , in addition to cow nutrition. According to these authors, Bos taurus × Bos indicus animals have less capacity to persist lactation compared with specialized dairy breeds. As percentage of cows in lactation is related with lactation persistency and consequently with days of lactation, values closer to 305 days of lactation and to 135 days of lactation would be desirable to obtain good production efficiency. However, we observed different values for this benchmark.
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Improvement of the number of cows in lactation can be attained by the reduction of the calving interval. Calving interval is an important parameter because affects economic performance (Inchaisri, Jorritsma, Vos, van der Weijden, & Hogeveen, 2010) . According to these authors, increasing the calving interval resulted in greater economic loss. The greatest calving interval observed in 2006 was similar to those reported by Marques, Reis, Sáfadi, and Reis (2002) who found 19 months. We observed values greater than the recommended by Leite et al. (2006) , which is between 390 and 420 days. Our values were similar to those reported by Mancio, Schiffler, and Londono-Hernández (1999) who assessed four dairy enterprises. Herd productivity is related to this parameter which directly affects the number of replacement heifers in the herd (Beretta, Lobato, & Mielitz, 2001 ). The lowest calving interval, observed in 2002, is two months greater than the benchmark but similar to values reported by Moraes et al. (2004) , who evaluated a herd composed by F1 Gyr and Holstein cows. A possible reason for the longer calving interval is related with the misuse of artificial insemination. The producer attempted to introduce this technology but it was not successful. Because of that, cows experienced greater service period.
For production systems with 300 and 1000 cows, Jarret (1997) suggested a cow per employee ratio of 66:1 and 111:1. During 2005 and 2006, this ratio was similar to the suggested values, but in other years was lesser. The average milk production per employee during the entire period was greater than the values reported by Schiffler et al. (1999) and Lopes et al. (2004) for production systems under grazing, semi-confinement and confinement conditions. Our values demonstrate that there was no employee idleness, but values were less than the benchmark of 400 L/day (Leite et al., 2006) , except in 2008. The average milk production per ha found in the present study, associated with the number of cows per ha, demonstrates that the area employed to production was not fully utilized. As a comparison, Schiffler, Mancio, Gomes, and Queiroz (1999) reported milk production ranging from 2,946 to 7,704 L/ha/day; these authors evaluated four intensive production systems that utilized rotational grazing.
Comparing the value of average milk production of the herd found in this study with the average value of different countries (IFCN Dairy Report, 2008), we noted that it was similar to Germany (800 L), less than Argentina (2,208 L) and much less than New Zealand (4,100 L). Nationwide, our values were greater than the Brazilian average (52 L; IBGE, 2008) and also greater if compared to the average of the state (184 L; FAEMG, 2006) . Because this parameter presented a low standard deviation, we can infer that there were no huge variations in terms of management among years, even with changes in number of lactating cows in the herd and percentage of cows in lactation. Several factors can affect the average milk production of the herd including age, cow parity, pregnancy, peak lactation (Oliveira et al., 2007) , in addition to environmental factors that directly interfere in availability and quality of feedstuffs. Although these factors were present during the evaluation period, animal handling and management were capable to mitigate the possible negative effects on that parameter. Moreover, even with a numerical increase of milk production:employee ratio in the first years, animal handling and management were not impaired. In fact, in the first three years, milk production:employee ratio was considered low if we compare to data reported by Yamaguchi, Carneiro, and Carvalho (2008) who found 326.3 L of milk produced per employee.
In 2009, the greatest value of average milk production per lactating cow was observed. Concomitantly, in this year, percentage of cows in lactation was the greatest, which resulted in greater daily milk production of the herd.
Associated with this, a greater milk production:concentrate ratio was also observed. As a comparison, Lopes et al (2004) , evaluating dairy production enterprises in the south of Minas Gerais state, reported average values of milk production per lactating cow of 9.65 L. Although not evaluated in the present study, failure in efficiently utilization of pastures may have compromised the production efficiency of the enterprise. In a study conducted by Vilela, Lima, Resende, and Verneque (2006) who evaluated irrigated tropical forages, these authors reported stocking rate of 7.3 cows per hectare, average milk production per lactating cow of 14 L, and annual milk production per hectare of 20,000 L. The values reported by Vilela et al. (2006) demonstrate the importance of forage management on achieving greater milk production in a dairy enterprise.
Correlation between Economic and Production Parameters
The inclusion or not of interest rate on capital invested as costs in the dairy business generated two different values of profitability (profitability I and II). Even with different values, both profitability values had no significant correlation with efficiency production parameters, which was the inverse of what was expected at the beginning of this study. However, both profitability values were correlated with average milk production per lactating cow, indicating that the greater the daily milk production of the cow is, more efficient the production system will be. This is commonly observed in the field, and is highly recommended by extension personnel to enhance production parameters in various production systems. In addition, average milk production per lactating cow had no correlation with total cost, total operating cost, and effective operating cost, demonstrating that this parameter was correlated only with income earning of the enterprise. Thus, the producer has to be careful when choosing the level of milk production in relation to the amount of capital invested.
Percentage of cows in lactation is a parameter that indicates efficiency of a certain production system (Oliveira et al., 2007) . In the current case, we observed no correlation of this parameter with profitability I and II, probably because the lesser is the number of lactating cows, less number of calves will be produced, consequently less number of lactating cows at peak lactation and, therefore, less daily milk production and less income. Nevertheless, that percentage had a positive and high correlation with production costs (total operating cost, effective operating cost, and total cost), highlighting that utilization of this parameter is a key factor in assessing production cost. This is corroborated by the greater participation of feeding during periods of low production.
Lack of correlation between daily milk production of the herd and profitability I and II indicates that the producer is probably out of the economies of scale (Ferguson, 1975) . In this scenario, the improvement of production leads to an increase less than proportional of the cost and, consequently, increases more than proportional in profit. For the remainder economic parameters, we did observe correlation, indicating the direct participation of daily milk production of the herd as production cost constituent. Similarly, Almeida, Ramires, Jerszurki, Navarro, and Ostrensky (2009), evaluating 43 dairy enterprises in the Brazilian state of Paraná, reported that there was a positive correlation between level of milk production of the herd and gross profit margin.
Commonly, milk production:employee ratio is utilized as a parameter to evaluate efficiency of a dairy enterprise (Shoemaker et al., 2008) . Fassio, Reis, and Geraldo (2006) considered the productiveness of the employees as one of the three major factors determining profitability of dairy production systems of the Minas Gerais state, which is the state where the enterprise evaluated hereinis located. However, we did not found significant values for this ratio (P > 0.07) when correlated with gross profit margin, net profit margin, and profitability I and II. Our values are in contrast to what reported by Oliveira et al. (2007) who found a positive correlation with profitability I in dairy enterprises located in the Brazilian state of Bahia.
Historically, milk price has been cited by producers as the main pretext of failure in dairy farming (FAEMG, 1996) . However, in the present study, this item was not correlated with profitability I and II probably because when milk price was great, costs were also great and vice versa, i.e., when costs were lower, milk price was also lower. During off season periods, production cost is high, milk production slightly decrease and consequently milk price increases. Conversely, when production cost is low, producers increase milk production and then milk price decrease. Probably, these factors explain why milk price and profitability I and II were not correlated.
Conclusions
Production efficiency is a decisive factor for the competitiveness of the dairy sector in Brazil. Hence, cost management and systematization of production is essential to achieve this goal. Considering profitability I that on average for the 10-year period was negative, we observe that revenue was not sufficient to cover the total costs. Nonetheless, from the positive values of gross profit margin and net profit margin, we can infer that the producer was able to stay in business, however, the low average value of profitability II indicates that if the capital were invested in another manner (e.g., bank savings), a greater return would occur results based on annual interest rate practiced in Brazil. In general, production parameters are within the ordinary range observed in small-sized Brazilian dairy farm. From the correlations between economic and production parameters, we note that correlation between average milk production per lactating cow and both profitabilities was present, indicating that, if the average milk production per lactating cow were high, a positive reflex would be observed in profitability. Finally, we conclude that this type of evaluation is important to assess the performance of a business, and consequently, for decision-making of dairy producers.
